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Abstract 


Low plasma levels of adiponectin (hypoadiponectinemia) and elevated circulating concentrations of plasminogen activator inhibitor 
(PAI)-1 are causally associated with obesity-related insulin resistance and cardiovascular disease. However, the mechanism that mediates 
the aberrant production of these two adipokines in obesity remains poorly understood. In this study, we investigated the effects of hypox- 
ia and reactive oxygen species (ROS) on production of adiponectin and PAI-1 in 3T3-L1 adipocytes. Quantitative PCR and immuno- 
assays showed that ambient hypoxia markedly suppressed adiponectin mRNA expression and its protein secretion, and increased PAI-1 
production in mature adipocytes. Dimethyloxallyl glycine, a stabilizer of hypoxia-inducible factor 1a (HIF-1a«), mimicked the hypoxia- 
mediated modulations of these two adipokines. Hypoxia caused a modest elevation of ROS in adipocytes. However, ablation of intra- 
cellular ROS by antioxidants failed to alleviate hypoxia-induced aberrant production of adiponectin and PAI-1. On the other hand, the 
antioxidants could reverse hydrogen peroxide (H2O3)-induced dysregulation of adiponectin and PAI-1 production. H,O, treatment 
decreased the expression levels of peroxisome proliferator-activated receptor gamma (PPARy) and CCAAT/enhancer binding protein 
(C/EBPa), but had no effect on HIF-1a, whereas hypoxia stabilized HIF-1o and decreased expression of C/EBPa, but not PPARy. Tak- 
en together, these data suggest that hypoxia and ROS decrease adiponectin production and augment PAI-1 expression in adipocytes via 
distinct signaling pathways. These effects may contribute to hypoadiponectinemia and elevated PAI-1 levels in obesity, type 2 diabetes, 
and cardiovascular diseases. 
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Obesity, characterized by excessive accumulation of 
abdominal fat, is causally associated with the premature 
development of arteriosclerosis, increased risk of stroke, 
and the development of congestive heart failure [1-3]. 
The increased risk of cardiovascular disease is primarily 
attributed to obesity-induced insulin resistance and the 
metabolic syndrome, which refers to a cluster of closely 
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related cardiovascular risk factors, including dyslipidemia, 
hypertension, glucose intolerance, and impaired fibrinoly- 
sis [4,5]. Although the detailed mechanism that links obes- 
ity with metabolic syndrome and cardiovascular disorders 
is not fully understood, increasing evidence suggests that 
the enlarged adipose tissue might be the culprit [6]. Adipose 
tissue is now recognized to be an important endocrine 
organ, secreting a variety of bioactive factors (adipokines) 
involved in energy metabolism, inflammatory response, 
and cardiovascular functions [7]. Aberrant production of 


adipose-derived adipokines, especially adiponectin and 
plasminogen activator inhibitor | (PAI-1), is now believed 
to play a causative role in the development of obesity-asso- 
ciated insulin resistance and cardiovascular disorders [8,9]. 
Adiponectin is a relatively abundant plasma protein 
secreted predominantly from adipose tissue [10]. This 
adipokine possesses direct anti-diabetic, anti-atherogenic, 
and anti-inflammatory activities [9,11]. Adiponectin- 
knockout mice have more severe diet-induced insulin 
resistance [12], increased neointimal thickening [13], and 
excessive cardiac remodeling after pressure overload [14]. 
Conversely, over-expression of adiponectin enhances insu- 
lin sensitivity, alleviates arteriosclerosis, and inhibits cardi- 
ac hypertrophy [14-16]. In human subjects, plasma levels 
of adiponectin are decreased in insulin resistance and obes- 
ity, and are inversely correlated with cardiovascular risk 
factors including hyperlipidemia, blood pressure, and C-re- 
active protein (CRP) levels [10]. Notably, low level of plas- 
ma adiponectin (hypoadiponectinemia) is an independent 
risk factor for developing type 2 diabetes [17], hyperten- 
sion, and coronary artery disease [18]. On the other hand, 
high plasma adiponectin is associated with reduced risk 
of type 2 diabetes [19] and myocardial infarction [20]. 
In contrast to adiponectin, plasma levels of PAI-1, a 
` principal inhibitor of fibrinolysis, are markedly elevated 
in obese individuals and patients with insulin resistance, 
type 2 diabetes, and cardiovascular diseases [21,22]. 
Although several tissues are known to produce PAI-1, adi- 
pose tissue appears to be the major contributor to the ele- 
vated PAI-1 levels in obesity [23,24]. Recent data suggest 
that PAI-1 contributes directly to the complications of 
obesity, including coronary arterial thrombi and type 2 dia- 
betes independent of insulin resistance, and may even influ- 
j ence the accumulation of visceral fat [21,25,26]. Transgenic 
mice that over-express a stable form of human PAI-1 devel- 
op spontaneous macrovascular coronary thrombosis and 
subendocardial myocardial infarction in the absence of 
hyperlipidemia or hypertension [27]. 

Although both clinical and experimental evidence sup- 
port the role of hypoadiponectinemia and elevated PAI-1 
in linking obesity with cardiovascular diseases, the mecha- 
nisms that cause the aberrant production of these two 
adipokines in obesity are not fully understood. Various 
proinflammatory cytokines [such as tumor necrosis fac- 
tor-alpha (TNF-a) and interleukin-6 (IL-6)] and reactive 
oxygen species (ROS) have been shown to increase expres- 
sion of PAI-1 and decrease production of adiponectin in 
adipocytes [25,28,29]. 

In recent years, accumulating evidences highlight the 
notion that hypoxia may exist in fat depots as the tissue 
mass increases [8,30,31]. Adipocyte hypertrophy, observed 
during the growth of adipose tissue, can result in the for- 
mation of cells with a diameter of up to 150 um. Since 
the diffusion limit of oxygen is considered at 100 um, this 
hypertrophy might lead to the presence of local hypoxic 
areas. Adipocyte and fat tissue express hypoxia-inducible 
factor (HIF)-la, a key transcription factor involved in cel- 


lular response to hypoxia [8,32]. In mature 3T3-F442A adi- 
pocytes, hypoxia has been shown to enhance the expression 
of several angiogenic factors, including leptin, vascular 
endothelial growth factor (VEGF), and metalloproteinases, 
through activation of HIF-la pathway [32]. Notably, a 
recent clinical study found that expression of HIF-1« is ele- 
vated in adipose tissue of obese subjects, and is decreased 
following weight loss [33]. Nevertheless, the patho-physio- 
logical implication of micro-hypoxia and HIF-1lo activa- 
tion in obese adipose tissue remain to be established. 

In this study, we investigated the effects of hypoxia on 
production of adiponectin and PAI-1 in murine 3T3-L1 
adipocytes. Our results showed that both ambient hypoxia 
(1% O2) and hypoxia-mimetics markedly decreased pro- 
duction of adiponectin and increased expression of PAI 
through induction of HIF-la. We also demonstrated that 
ROS and hypoxia-mediated activation of HIF-lo trigger 
aberrant production of adiponectin and PAI-1 through dis- 
tinct mechanisms. 


Materials and methods 


Reagents. Dimethyloxallyl glycine (DMOG) was purchased from 
Cayman Chemicals (Ann Arbor, Michigan, USA). N-Acetyl-L-cysteine 
(NAC), catalase, and hydrogen peroxide (H202) are the products of Sigma 
(St. Louis, MO, USA). The anti-actin antibody and the anti-HIF-la 
monoclonal antibody were from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA), and R&D Systems (Minneapolis, MN, USA), respectively. 
Trizol Reagent and Superscript first-strand cDNA synthesis system were 
purchased form Promega (Madison, WI, USA). 6-carboxy-2’,7’-dichlo- 
rodihydrofluorescein diacetate, diacetoxymethylester (H2-DCF) was from 
Invitrogen (CA, Carlsbad, USA). 

Cell culture and hypoxia treatments. 3T3-L1 cells were cultured in 
Dubecco’s modified Eagle’s medium (Gibco) supplemented with 10% fetal 
bovine serum. Adipocyte differentiation was induced as we previously 
described [34]. In hypoxia experiments, differentiated 3T3-L1 adipocytes 
were maintained in a hypoxic chamber (1% O2, 94% No, and 5% CO2) for 
various time periods as indicated. The control cells were incubated in an 
atmosphere with 21% O% and 5% CO». 

Determination of intracellular ROS production. Intracellular ROS 
generation was quantified using H2-DCFDA. This probe enters the cells and 
is hydrolyzed to 6-carboxy-2',7’-dichlorodihydrofluorescein (H2-DCF). 
H20, and other peroxides cause oxidation of H2-DCF, yielding the fluo- 
rescent product DCF. Differentiated 3T3-L1 adipocytes were loaded with 
H2-DCFDA (2 uM) for 30 min before the end of the treatment period. After 
washing with phosphate-buffered saline, cells were dissolved in dH,O to 
disrupt the cellular membranes. Fluorescence (excitation 493 nm, emission 
527 nm) was measured with a fluorescent plate reader and the values were 
expressed as arbitrary units per milligram of protein. Data are normalized to 
values obtained from normoxic controls. 

Evaluation of gene expression levels by quantitative real-time RT-PCR. 
Total RNA was extracted from 3T3-L1 using Trizol reagent (Invitrogen). 
One microgram of total RNA was transcribed into cDNA using 
ImProm-II Reverse. Each cDNA sample was analyzed for gene expres- 
sion by quantitative real-time PCR using the fluorescent TaqMan 
5’-nuclease assay on an Applied Biosystems Prism 7000 sequence 
detection system. The TaqMan real-time PCR was performed using 2x 
TaqMan Master Mix and 20x assay-on-demand TaqMan primers and 
probes (Applied Biosystems). Analysis was performed with ABI Prism 
7000 SDS Software. 

Multiplex immunoassay and sandwich ELISA. Multianalyte profiling 
was performed on a Bio-plex 100 suspension array system and the XY 
Platform (Bio-Rad, Hercules, CA, USA). The conditioned culture medium 
from 3T3-L1 adipocytes was collected at different time points as indicated, 


and the concentrations of adiponectin and PAI-1 in the conditioned 
medium were measured using the mouse adipokine assay kits from Linco 
Research (St. Charles, MI, USA). The assay was performed according to 
the manufacturers’ protocols. Adiponectin was also quantified using an in 
house ELISA method as we previously described [35]. 

Western blot analysis. Total protein was extracted from 3T3-L1 adi- 
pocytes and quantified by BCA Protein Assay Regent Kit (Pierce). 
Twenty-five micrograms of proteins was separated by SDS-PAGE and 
then transferred to PVDF membrane. The membranes were blocked and 
probed with anti-mouse HIF-1lo or anti-actin antibody, and the immu- 
noreactive proteins were visualized with the enhanced chemiluminescence 
reagents (GE Healthcare, Uppsala, Sweden). 

Statistics. All the experiments were reproduced in at least three inde- 
pendent experiments. The results are presented as means of at least trip- 
licate determinations + standard deviation (SD). The inter-group 
comparisons were made by Student’s ¢ test or one-way ANOVA. In all 
statistical comparisons, a P value of less than 0.05 was considered statis- 
tically significant. 


Results 


Ambient hypoxia markedly decreases adiponectin 
production, but increases PAI-1 expression in 3T3-L1 
adipocytes 


To examine the effects of hypoxia on the expression of 
adiponectin and PAI-1, fully differentiated 3T3-L1 adipo- 
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cytes were cultured in 1% O, atmosphere or in normoxia 
condition for different time periods. Methyl thiazole tetra- 
zolium (MTT) assay revealed that treatment with hypoxia 
had no significant effect on cell viability (data not shown). 
Quantitative real-time PCR demonstrated that hypoxia 
significantly decreased the steady-state mRNA abundance 
of the adiponectin gene in a time-dependent manner. A 
modest reduction was observed at 6h, and further deteri- 
orated afterwards (Fig. 1A). Quantitative ELISA analysis 
showed that the adiponectin concentrations in the condi- 
tioned media were suppressed by ~60% at 6h after 
hypoxia treatment (Fig. 1B), albeit the mRNA levels of 
this gene at this time point were only slightly decreased. 
This result suggests that hypoxia treatment not only 
decreases the mRNA level of the adiponectin gene, but 
also inhibits its protein synthesis and secretion from 
adipocytes. 

In contrast to adiponectin, both the steady-state 
mRNA abundance of the PAI-1 gene and its protein 
concentration in the conditioned medium were markedly 
elevated in hypoxia-treated adipocytes (Figs. 1C and D). 
The significant increase was observed after 6h of 
hypoxia treatment and reached the maximum expression 
at 18h. 
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Fig. 1. Time-dependent effects of ambient hypoxia on the gene expression and protein production of adiponectin and PAI-1 in 3T3-L1 adipocytes. Fully 
differentiated 3T3-L1 adipocytes were cultured in normoxia (21% O2) or hypoxia (1% O2) condition for 6, 12, 18, and 24 h. Total RNA purified from these 
samples was subjected to quantitative PCR analysis to determine the mRNA levels of adiponectin (A) and PAI-1 (B). Data were normalized against 18s 
ribosomal RNA. The protein concentrations of adiponectin (C) and PAI-1 (D) in the conditioned medium were quantified as described under Materials 
and methods. For comparison, the levels of the adiponectin and PAI-1 mRNA and protein concentration from each time point in normoxic condition 


were arbitrarily set at 1. **p < 0.01 versus normoxia (n = 5-8). 


DMOG, a HIF-1« stabilizer, mimics ambient hypoxia- 
induced changes in production of adiponectin and PAI-1 from 
adipocytes 


HIF is a crucial transcription factor that mediates a 
broad range of cellular responses to hypoxia. It is a hetero- 
dimeric complex consisting of « and B subunits [36]. The B 
subunit is constitutively present in the nuclei whereas the a 
subunit is oxygen labile and is degraded by the proteasome 
pathway following prolyl-hydroxylation and ubiquitina- 
tion in normoxic cells. Hypoxia can lead to stabilization 
of HIF-la, which in turn modulates the expression of its 
target genes. DMOG is a prolyl hydroxylase inhibitor that 
can block the hydroxylation and degradation of HIF-la 
[37]. We next investigated the effect of DMOG on produc- 
tion of adiponectin and PAI-1 in adipocytes. As expected, 
treatment of cells with either DMOG (0.5 mM) or ambient 
hypoxia induced a significant accumulation of HIF-1o pro- 
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Fig. 2. The HIF-lo stabilizer DMOG mimics the effects of ambient 
hypoxia on adiponectin and PAI-1 production in 3T3-L1 adipocytes. Cells 
were exposed to normoxia (21% O2), hypoxia (1% O2) or 0.5 mM DMOG 
for 18h. Thirty micrograms of whole cell lysates from each sample was 
separated by SDS-PAGE and probed with anti-mouse HIF-lo or anti- 
actin antibody (A). Total RNA extracted from the cells was subjected to 
quantitative real-time PCR to determine the relative mRNA abundance of 
the adiponectin (B) and PAI-1 gene (C). The protein concentrations of 
adiponectin (D) and PAI-1 (E) in the conditioned medium were quantified 
as in Fig 1. **p <0.01 versus normoxia control (n = 5-8). 


tein (Fig. 2A). Notably, DMOG also led to a marked 
down-regulation of adiponectin and up-regulation of 
PAI-1 in adipocytes (Figs. 2B and C). The magnitudes of 
these DMOG-induced changes were similar to those 
induced by ambient hypoxia, suggesting that the HIF-lo 
pathway might play a key role in mediating these events. 


Reactive oxygen species (ROS) does not play a role in 
hypoxia-induced aberrant production of adiponectin and 
PAI-1 in adipocytes 


Reactive oxygen species (ROS) is an important mediator 
in obesity-induced inflammation, aberrant production of 
adipokines, and systemic insulin resistance. Over-accumula- 
tion of ROS in adipocytes can lead to decreased production 
of adiponectin and increased expression of pro-inflammato- 
ry adipokines such as PAI-1 and IL6 [28,29]. Hypoxia has 
been shown to induce ROS generation in some cell types 
[38,39]. We next tested whether hypoxia stimulates ROS pro- 
duction in 3T3-L1 adipocytes, using DCF-DA (10 pmol/L) 
as a fluorescent probe. This analysis showed that there was 
no significant ROS accumulation at 6 h after hypoxic expo- 
sure (Fig. 3). At 12 h, a modest, but significant, increase in 
ROS production was observed. The hypoxia-induced ROS 
accumulation was largely abolished by the antioxidant 
NAC (10 mM) and catalase (178 U/ml). However, NAC 
and catalase had no obvious effect on hypoxia-induced accu- 
mulation of HIF 1a (Fig. 4A) or on hypoxia-mediated reduc- 
tion of adiponectin and elevation of PAI-1 in adipocytes 
(Figs. 4B and C). On the other hand, treatment of adipocytes 
with HO, (0.5 mM), which results in over-accumulation of 
intracellular ROS, did not induce the stabilization of HIF-lao 
(Fig. 4A). Incubation of cells with HzO, could also decrease 
adiponectin production and increase PAI-1 expression, 
although the magnitudes of these changes were much smaller 
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Fig. 3. Effect of hypoxia and antioxidants on intracellular ROS concen- 
trations as detected by DCF-DA. Differentiated adipocytes were pre- 
treated without or with NAC (10mM) and catalase (178 U/ml) for 
30 min, and then cultured in hypoxia or normoxia condition for different 
time periods as indicated. Fluorescence was quantified and expressed as 
arbitrary unit per milligram protein. *p<0.05; **p<0.01 versus 
normoxia. 
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Fig. 4. Hypoxia-induced changes in adiponectin and PAI-1 production 
are independent of ROS generation. 3T3-L1 adipocytes were pretreated 
with or without NAC (10 mM) and catalase (178 U/ml) for 30 min, and 
then cultured in hypoxia, normoxia or normoxia condition treated with 
0.5 mM H20; for 24h. Intracellular levels of HIF-1o and actin (A) were 
analyzed using Western blot as in Fig. 2. The relative mRNA abundance 
of adiponectin (B) and PAI-1 (C) was quantified using real-time PCR as in 
Fig. 1. **p < 0.01 versus normoxia control (n = 5-8). 


than those observed in hypoxia condition (Figs. 4B and C). 
Moreover, H202-induced abnormal production of these 
two adipokines was largely abrogated following the treat- 
ment with the antioxidant NAC and catalase. These results 
collectively suggest that ROS is not involved in hypoxia-in- 
duced dysregulation of adiponectin and PAI-1 production 
in adipocytes. 


Hypoxia and hydrogen peroxide exert distinct effects on 
expression of CIEBP«& and PPARy 


PPARy and C/EBPz are two key transcriptional factors 
that regulate the expression of adipogenic genes. Both these 


120 


100 


80 


Relative mRNA abundance (%) 


C/EBPa 


PPARy 


Fig. 5. Differential effects of hypoxia and hydrogen peroxide on expres- 
sion of PPARy and C/EBPw. Fully differentiated 3T3-L1 adipocytes were 
grown in hypoxia, normoxia, or normoxia condition treated with DMOG 
or H,O, for 24h. Total mRNA was extracted and the gene expression 
levels of PPARy and C/EBPa were quantified by real-time PCR. Values 
are normalized to the level of 18s ribosomal RNA. **p < 0.01 versus 
normoxia group. 


transcription factors can transactivate the adiponectin gene 
by binding with their respective cis-acting elements in its 
promoter region [40,41]. PPARy has also been implicated 
in the suppression of PAI-1 expression in human adipo- 
cytes [42]. We next investigated the effect of hypoxia and 
ROS on the expression of these two transcription factors. 
Quantitative real-time PCR revealed that both ambient 
hypoxia and hypoxia-mimetics (DMOG) markedly down- 
regulated the expression of C/EBPa, but had little effect 
on PPARy (Fig. 5). On the other hand, H203 treatment 
significantly decreased the mRNA abundance of both 
C/EBPa and PPARY. 


Discussion 


Hypoadiponectinemia and elevated plasma levels of 
PAI-1 are the two important biochemical hallmarks in 
the pathogenesis of obesity-related disorders, especially 
type 2 diabetes and cardiovascular diseases [9,10,21]. Our 
present study demonstrated that hypoxia could markedly 
decrease the production of adiponectin and increase the 
expression of PAI in adipocytes, a major site for synthesiz- 
ing these two adipokines. Accumulating evidence suggests 
that local hypoxia occurs in enlarged adipose tissue as 
obesity develops, due to the insufficient vasculature supply 
[8,30,43]. Relative hypoxia has recently been proposed to 
be an important mediator in initiating the macrophage 
infiltration and local inflammation in adipose tissue [33]. 
Our finding supports the notion that local hypoxia in obese 
adipose tissue might contribute to the development of 
obesity-associated type 2 diabetes and cardiovascular dis- 
orders by inducing discordant production of adiponectin 
and PAI-1 in adipocytes. 


Induction of PAI-1 expression by hypoxia has previous- 
ly been reported in several other cell types, including 
HepG2 cells [44] and vascular smooth muscle cells [38]. 
Hypoxia induces PAI-lexpression primarily through stabil- 
ization and activation of HIF-la, which can transactivate 
the PAI-1 gene via direct interaction with several hypox- 
ia-response cis-elements (HREs) in its promoter region 
[45]. In line with these results, we found that chemically 
induced stabilization of HIF-lo in normoxia condition is 
sufficient to mimic the effect of ambient hypoxia on induc- 
tion of PAI-1 expression in adipocytes. 

To the best of our knowledge, this study is the first 
report showing the inhibitory effect of hypoxia on produc- 
tion of adiponectin, an important adipokine with anti-dia- 
betic and anti-atherogenic activities. Although the 
underlying mechanisms remain largely unknown, our 
results suggest the involvement of HIF-lo and C/EBPo 
in mediating hypoxia-mediated suppression of the adipo- 
nectin mRNA expression. C/EBPo is a key transcription 
factor involved in activation of adiponectin gene transcrip- 
tion in adipocytes through interaction with its consensus 
binding sites in the promoter region [40]. The role of 
C/EBPz« as an indispensable transcription factor involved 
in transctivation of the adiponectin gene is also supported 
by a more recent finding that SiR NA-mediated knockdown 
of endogenous C/EBPa significantly decreases adiponectin 
mRNA levels in human adipocytes [46]. Notably, we found 
that both ambient hypoxia and the HIF-la stabilizer 
DMOG could decrease C/EBPo expression, suggesting 
that C/EBPa is a downstream mediator of HIF-la. In 
addition to transcriptional suppression of adiponectin gene 
expression, hypoxia might decrease adiponectin production 
through inhibition of adiponectin protein synthesis and/or 
its secretion from adipocytes. This conclusion is supported 
by the fact that the modest reduction of adiponectin 
mRNA levels at the early phase of hypoxia treatment 
(6h) cannot fully account for the sharp decline of adipo- 
nectin protein in the conditioned culture medium (Figs. 
1A and C). Our finding further highlights the importance 
of posttranscriptional control in regulating adiponectin 
production and warrants further investigation in the 
future. 

Oxidative stress is now recognized to be an important 
mediator in the development of obesity, insulin resistance, 
diabetes, and cardiovascular diseases. Obesity is character- 
ized by increased accumulation of ROS in the enlarged fat 
tissue, which can decrease adiponectin production and 
induce PAI-1 expression [28]. These adverse effects of 
ROS can be reversed by anti-oxidants. Since the formation 
of ROS requires molecular oxygen, it has been suggested 
that ROS might be involved in the cellular response to 
hypoxia [47]. However, two opposite concepts have been 
proposed to explain how the response to hypoxia can be 
related to ROS. One concept suggests that under hypoxic 
conditions ROS production is diminished and the 
decreased ROS mediates hypoxic response [48]. This has 
been supported by numerous reports showing that hypoxia 


condition is associated with decreased ROS concentration 
in many types of cells, such as pulmonary arteries [49] 
and cardiac mytocytes [50]. In contrast, the other concept 
argues that increased ROS is involved in mediating the cel- 
lular response to hypoxia [39]. Indeed, elevated levels of 
intracellular ROS under hypoxia were observed in Hep3B 
cells [39], pulmonary myocytes [51], and vascular smooth 
muscle cells [38]. Nevertheless, there has been a long-lasting 
debate about the role of ROS in hypoxia-induced stabiliza- 
tion of HIF-la and modulation of gene expression [47]. 

In this study, we found that hypoxia induced a modest 
but significant increase in ROS in adipocytes. However, 
ROS is not required for hypoxia-mediated stabilization of 
HIF-lo and aberrant production of adiponectin and 
PAI-1. This conclusion is based on the following findings: 
first, changes in adiponectin and PAI-1 production 
occurred as early as 6h after hypoxia exposure (Fig. 1), 
while a significant accumulation of ROS was only detected 
after 12 h (Fig. 3); second, treatment with the two anti-ox- 
idants (NAC and catalase) largely depleted hypoxia-in- 
duced ROS accumulation, whereas it had little effect on 
hypoxia-mediated HIF-la stabilization, nor on adiponec- 
tin and PAI-1 production (Fig. 4). In fact, we also tested 
other antioxidants, including MnTBAP (a superoxide dis- 
mutase mimetic with catalase-like activity), PDTC (a thi- 
ol-reductive and iron-chelating agent), and trolox (a 
derivative of Vitamin E), and found that none of them 
could alleviate hypoxia-induced HIF-la accumulation 
and aberrant production of these two adipokines (data 
not shown). Third, although H202, a major component 
of ROS, could also decrease adiponectin production and 
augment PAI-1 expression, the magnitude of these changes 
was much lower than those induced by hypoxia (Fig. 4). In 
addition, H,O0,-induced aberrant production of adiponec- 
tin and PAI-1 could be reversed by the aforementioned 
two anti-oxidants. While hypoxia-induced changes were 
largely attributed to HIF-1a, H-O, had little effect on the 
expression of this transcription factor (Fig. 5). In addition, 
suppression of PPARy was involved in mediating the 
actions of H202, but not hypoxia. Taken together, these 
evidences suggest hypoxia and ROS exert their actions on 
modulating adiponectin and PAI-1 production via distinct 
mechanisms in adipocytes. The modest increase of ROS 
under hypoxia might not be sufficient to elicit the ROS-de- 
pendent pathway involved in altering the expression of 
adiponectin and PAI-1, or the effect of ROS becomes neg- 
ligible in the overriding presence of the strong actions of 
hypoxia-induced HIF-1la pathway. 

Our finding that H20, did not cause HIF-1a accumula- 
tion in adipocytes is consistent with those observed in uri- 
nary bladder carcinoma ECV304 cells [52]. However, this 
result is different from the earlier studies on aortic smooth 
muscle cells [38] and Hep3B cells [39], which showed the 
activation of HIF-la by H202. This discrepancy might be 
due to differential response of the HIF-la pathways to 
ROS in different types of cells and needs to be further 
clarified. 


In summary, our study demonstrated that hypoxia 
decreases adiponectin production and augments PAI-1 
expression through activation of HIF-lo in adipocytes. 
Notably, HIF-10 expression in subcutaneous adipose tissue 
has recently been shown to be markedly elevated in obese 
subjects compared with lean individuals [33]. A genetic 
study on Japanese population has found that the P582S 
mutation in HIF-1« is closely associated with type 2 diabe- 
tes [53]. Interestingly, the transcriptional activity of this 
mutant is much higher than wild-type HIF-la. These evi- 
dences collectively suggest that elevated HIF-lo activity 
might be causally linked with obesity and its associated 
metabolic and cardiovascular disorders. Pharmaceutical 
inhibition of HIF-la might represent a novel therapeutic 
target for these diseases. 
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